A cross-sectional study was conducted within the Spanish cohort of the European Prospective Investigation in Cancer and Nutrition to assess the principal food sources of vitamin C, vitamin E, a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin in an adult Spanish population. The study included 41 446 healthy volunteers (25 812 women and 15 634 men), aged 29 -69 years, from three Spanish regions in the north (Asturias, Navarra and Guipúzcoa) and two in the south (Murcia and Granada). Usual food intake was estimated by personal interview through a computerized version of a dietary history questionnaire. Foods that provided at least two-thirds of the studied nutrients were: fruits (mainly oranges) (51 %) and fruiting vegetables (mainly tomato and sweet pepper) (20 %) for vitamin C; vegetable oils (sunflower and olive) (40 %), non-citrus fruits (10 %), and nuts and seeds (8 %) for vitamin E; root vegetables (carrots) (82 %) for a-carotene; green leafy (28 %), root (24 %) and fruiting vegetables (22 %) for b-carotene; fruiting vegetables (fresh tomato) (72 %) for lycopene; green leafy vegetables (64 %) for lutein; citrus fruits (68 %) for b-cryptoxanthin; citrus fruits (43 %) and green leafy vegetables (20 %) for zeaxanthin. In conclusion, the main food sources of nutrients with redox properties have been identified in a Mediterranean country. This could provide an insight into the interpretation of epidemiological studies investigating the role of diet in health and disease.
A cross-sectional study was conducted within the Spanish cohort of the European Prospective Investigation in Cancer and Nutrition to assess the principal food sources of vitamin C, vitamin E, a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin in an adult Spanish population. The study included 41 446 healthy volunteers (25 812 women and 15 634 men), aged 29 -69 years, from three Spanish regions in the north (Asturias, Navarra and Guipúzcoa) and two in the south (Murcia and Granada). Usual food intake was estimated by personal interview through a computerized version of a dietary history questionnaire. Foods that provided at least two-thirds of the studied nutrients were: fruits (mainly oranges) (51 %) and fruiting vegetables (mainly tomato and sweet pepper) (20 %) for vitamin C; vegetable oils (sunflower and olive) (40 %), non-citrus fruits (10 %), and nuts and seeds (8 %) for vitamin E; root vegetables (carrots) (82 %) for a-carotene; green leafy (28 %), root (24 %) and fruiting vegetables (22 %) for b-carotene; fruiting vegetables (fresh tomato) (72 %) for lycopene; green leafy vegetables (64 %) for lutein; citrus fruits (68 %) for b-cryptoxanthin; citrus fruits (43 %) and green leafy vegetables (20 %) for zeaxanthin. In conclusion, the main food sources of nutrients with redox properties have been identified in a Mediterranean country. This could provide an insight into the interpretation of epidemiological studies investigating the role of diet in health and disease.
Antioxidants: Mediterranean diet: Spain: Food sources
Foods of plant origin are the main dietary sources of vitamin C, vitamin E and carotenoids, which, among other plant constituents, could act as efficient scavengers of radicals and oxidants (Frei, 1994; McDermott, 2000) . Scientific evidence shows that plant-based diets, such as the traditional Mediterranean diet, could protect against CVD (de Lorgeril & Salen, 2001 ) and cancer (World Cancer Research Fund, 1997) . Those nutrients with redox modulator properties could also have beneficial effects on the risk of other chronic diseases, such as diabetes, neurodegenerative diseases, ocular disorders, as well as in asthma and viral infections (Frei, 1994; McDermott, 2000) .
Vitamin C, vitamin E, b-carotene, and more recently lycopene and other specific carotenoids, have been the subject of many observational studies assessing their association with chronic diseases (Frei, 1994; McDermott, 2000; Fairfield & Fletcher, 2002) . Overall, these observational studies have supported an inverse association of those nutrients with CVD and cancer (Fairfield & Fletcher, 2002) . However, the hypothesis that those individual nutrients act mainly as markers of intake of foods with many compounds that act synergistically to protect from chronic diseases could not be ruled out (Byers, 2000; McDermott, 2000; de Lorgeril & Salen, 2001) . Clinical trials with supplements of single nutrients, especially b-carotene, have produced discouraging results (Halliwell, 2000; Fairfield & Fletcher, 2002; Kritharides & Stocker, 2002) . Overall, these trials suggest that a protective effect of foods is not equivalent to a protective effect of single nutrients in the diet.
The assessment of food sources of nutrients with redox properties could be useful for the interpretation of epidemiological studies. However, few studies have attempted to identify intakes of such foods in populations with different chronic disease rates (Krogh et al. 1993; Heseker & Schneider, 1994; Jarvinen, 1995; Granado et al. 1996; Vandenlangenberg et al. 1996; Subar et al. 1998; Gascón-Vila et al. 1999; O'Neill et al. 2001; JohnsonDown et al. 2002) .
In Spain, a country in the Mediterranean area, fruit and vegetable consumption is substantially higher and qualitatively different from consumption in other western countries (EPIC Group of Spain, 1999; Trichopoulou & Vasilopoulou, 2000; Moreno et al. 2002; Agudo et al. 2002) . Meanwhile, the Spanish IHD mortality rate is the lowest among European countries (Tundstall-Pedoe et al. 1999) and its cancer mortality rate ranks the third lowest to Greece and Portugal (World Health Organization, 2003) . The two previous studies assessing Spanish food sources of nutrients with redox properties did not assess specific carotenoids (Gascón-Vila et al. 1999) or were based on small samples (O'Neill et al. 2001 ). The present study examines the main food sources of vitamin C, vitamin E and major specific carotenoids (a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin) in a large cohort of the Spanish adult population.
Materials and methods

Human subjects
Cross-sectional dietary data from 25 812 women and 15 634 men, aged 29-69 years, participants in the European Prospective Investigation in Cancer and Nutrition (EPIC), were obtained between October 1992 and July 1996. Participants were healthy volunteers recruited in five Spanish regions: three from the north (Asturias, Navarra and Guipúzcoa) and two from the south (Murcia and Granada). Most of the selected subjects were active blood donors. The mean ages of participants were 50·8 and 48·4 years for men and women respectively. Final participation rate was 55-60 %.
Dietary information
Usual food intake during the preceding year, taking into account seasonal variations, was estimated by personal interview through a computerized version of a dietary history questionnaire. It was developed and validated specifically for the EPIC study in Spain (EPIC Group of Spain, 1997a,b) . The questionnaire was structured according to occasions of food intake. Trained interviewers gathered data on preparation method, average frequency of consumption per week, and usual portion size for each food consumed at least twice per month (or once per month for seasonal foods). The estimated intake data represented all the seasons equally. Portion sizes were reported in natural units, household measures or with the aid of a manual of thirty-five sets of photographs prepared specifically for the study. The questionnaire included a list of . 600 foods and beverages, and about 150 regional recipes. Data on vitamin C, vitamin E, pro-vitamin A carotenoids, a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin in foods were obtained from a computerized database of . 700 items compiled for the EPIC study in Spain (Slimani et al. 1996) . Values for individual carotenoids were mainly obtained from analyses performed on local foods ) and a recently available European database was used to complete missing values (O'Neill et al. 2001) . Pro-vitamin A carotenoid intake was expressed as mg b-carotene equivalents/d ð1b-carotene equivalent ¼ 1b-carotene þ 0·5a-carotene þ 0·5b-cryptoxanthinÞ:
Statistical analyses
A descriptive statistical analysis was performed and intakes were expressed as mean values and standard deviations, and as 25th, 50th and 75th percentiles. Densities of intake were expressed as mg/4·2 MJ (1000 kcal) per d for vitamin C and vitamin E and as mg/4·2 MJ (1000 kcal) per d for provitamin A carotenoids, a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin. When comparing intakes between centres, intakes were gender and age-standardized using linear regression analysis.
To identify food sources, the total amount of a given nutrient provided by a single food was calculated by multiplying the food consumed (g/d) by each subject by the amount of nutrient per g food, and then adding up the resulting quantities from all subjects. Individual foods were also aggregated in food groups according to the way they were usually reported and their nutrient content. The list of food groups is given in the appendix. Intake of a given nutrient from each group was estimated by adding up the intake from each individual food included in the group. Data were analysed with the R Project for Statistical Computing (www.r-project.org).
Results
Means values and percentiles of intake for vitamin C, vitamin E, pro-vitamin A carotenoids, a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin in the studied population are shown in Table 1 . The median intakes of vitamin C, vitamin E and total carotenoids (the sum of the six carotenoids) were 138·1, 8·5 and 4·8 mg/d respectively. Nearly 50 % of carotenoids were in the form of pro-vitamin A carotenoids. Table 2 shows the main food sources of vitamin C, vitamin E and pro-vitamin A carotenoids, as well as the median consumption of each food group. Fresh fruits accounted for 51 % of vitamin C intake, followed by fruiting vegetables (especially tomato and sweet pepper) and juices. Although oranges were the main source of vitamin C, the non-citrus fruit subgroup accounted for 21 % of intake. The greatest proportion of vitamin E intake came from vegetable oils (26 % from sunflower oil and 14 % from olive oil), whereas other added fats (margarine, mayonnaise, butter and lard) accounted for , 5 %. Nuts and seeds contributed modestly to vitamin E intake. It is noteworthy that . 25 % of vitamin E intake was derived from fresh fruits (especially apples and pears) and vegetables (mainly tomato and lettuce). Pro-vitamin A carotenoids were consumed largely (70 %) from root, green leafy and fruiting vegetables: carrots, tomatoes, spinach, chard, leek and borage were major individual food contributors. Oranges were also a good source of pro-vitamin A (10 %). Table 3 shows the primary contributors to intakes of a-carotene, b-carotene, lycopene, lutein, b-cryptoxanthin and zeaxanthin. Root vegetables (carrots) served as the main source of a-carotene intake (82 %). The richest sources of b-carotene were green leafy, root and fruiting vegetables, each contributing approximately 25 % to total intake. As individual foods, carrots, tomatoes and spinach were the three main sources of b-carotene. Fruiting vegetables were the major contributors to lycopene intake: fresh tomatoes provided 72 % and tomato sauce 24 %, whereas ketchup supplied , 1 %. Green leafy vegetables (mainly spinach, chard and lettuce) ranked first as a source of lutein (64 %); fruiting vegetables made a moderate contribution. Citrus fruits accounted for most of the b-cryptoxanthin intake, and major contributors to zeaxanthin intake were, in descending order, citrus fruits, green leafy and fruiting vegetables.
When comparing sources of the studied nutrients between southern and northern Spanish regions, it is striking that in southern regions citrus fruits accounted for a higher proportion of vitamin C intake, olive oil and nuts ranked higher for vitamin E intake, and fresh tomatoes provided relatively more lycopene (results not shown).
Discussion
The present study describes the main food sources of vitamin C and E and specific carotenoids in an adult Spanish population. Spain, which is a country of the Mediterranean region, has one of the lowest mortality rates from chronic diseases in developed countries and one of the best lifeexpectancy rates in the world (Parkin et al. 1997; Tundstall-Pedoe et al. 1999; United Nations International Children's Emergency Fund, 2003) . No data on intakes of nutrients from supplements were included in the analyses, since only food sources were of interest. However, supplement use was only 3·8 % in the Spanish EPIC cohort (Pera et al. 1999) and it contributed very little to overall intakes (results not shown).
The contribution to total nutrient intake of a particular food reflects not only its nutrient content, but also the amount of food consumed. In the Spanish EPIC cohort, oranges and apples accounted for 51 % of fruit intake, and tomato and lettuce accounted for 47 % of vegetable intake (EPIC Group of Spain, 1999). These four foods provided about 75 % of lycopene, 50 % of vitamin C, b-cryptoxanthin and zeaxanthin, 25 % of b-carotene and lutein, and 4 % of a-carotene intake. Carrots represented only 3 % of total vegetable consumption in the Spanish EPIC cohort, but they provided most of a-carotene intake because their a-carotene concentration is very high. Oranges and tomatoes contain high concentration of b-cryptoxanthin and lycopene respectively, and at the same time they were consumed frequently, mainly as fresh but also as processed foods, thus contributing up to 75 % of their intake. The main sources of vitamin E were found in vegetable oils, which is the type of added fat most frequently consumed by the cohort. In spite of the relatively low content of vitamin E in fruits and vegetables, they accounted for . 25 % of its intake because they had an important contribution to the whole diet. Although margarine, and nuts and seeds are very rich in vitamin E, they were not a major source of intake (3 and 8 % respectively) since they were consumed in low amounts.
The main food sources of vitamin C, vitamin E and carotenoids in Spain and the USA are compared in Table 4 . Median vitamin C and E intakes were higher in the Spanish population than in the USA (138 v. 85 and 8·5 v. 6·4 mg/d respectively). Fresh fruits provided 51 % of vitamin C in Spain and only 9 % in the USA, whereas fruit juices accounted for 7 % of vitamin C intake in Spain and 34 % in the USA. Added fats were major contributors to vitamin E intake in both populations; however, vegetable oils were the main source in Spain (40 %), while they accounted for only 5 % in the USA. Furthermore, olive oil, which is rich in antioxidant compounds other than vitamin E (Trichopoulou & Vasilopoulou, 2000) , accounted for 14 % of vitamin E intake in the Spanish EPIC cohort and , 1 % in the USA; margarine and salad dressings were the main vitamin E sources in the USA (29 %) and accounted for , 3 % in the Spanish cohort. Fortified cereals were responsible for 4 and 10 % of total vitamin C and vitamin E intake in the USA, but they were negligible sources of those vitamins in Spain. The principal contributors to pro-vitamin A carotenoid intake were vegetables, both in the USA 
* For details of subjects and procedures, see p. 1006. † 1000 kcal ‡ mg b-carotene equivalent. Potatoes  0·0  0·0  0·0  1·9  0·0  12·7  Green leafy vegetables  0·0  27·7  0·0  64·5  0·0  20·1  Fruiting vegetables  7·8  22·0  71·6  17·6  2·4  12·6  Root vegetables  81·6  24·4  0·0  2·0  0·0  0·0  Cruciferous vegetables  0·0  0·6  0·0  2·5  0·0  0·2  Grain and pod vegetables  0·3  0·5  0·0  2·8  0·0  0·0  Stalk vegetables  0·0  0·3  0·0  2·7  4·8  3·6  Pulses (legumes)  0·4  3·2  0·0  0·0  0·0  0·0  Citrus fruits  4·4  2·3  0·0  5·4  67·6  42·8  Non-citrus fruits  4·1  6·2  2·9  3·3  4·9  7·9  Juices  1·0  0·1  0·2  0·0  20·2  0·0  Milk and dairy products  0·0  3·2  0·0  0·0  0·0  0·0  Meats and poultry  0·0  2·7  0·0  0·0  0·0  0·0  Added fats  0·0  1·1  0·0  0·0  0·0  0·0  Condiments and sauces  0·4  4·3  25·3  0·0  0·0  0·0 * For details of subjects and procedures, see p. 1006. † See appendix for composition of food groups. Groups which contributed , 1 % to the specific carotenoid intake were not listed in the table (grains; onion and garlic; nuts and seeds; eggs; fish and shellfish; sugars, sweets and desserts; non-alcoholic beverages; alcoholic beverages, mushrooms, soups and bouillon and others (processed foods)). ‡ Foods contributing . 1 %, in descending order (%): carrot (81·6), green beans (7·7), orange (4·2), banana (2·3). § Foods contributing . 1 %, in descending order (%): carrot (24·4), tomato (17·2), spinach (10·7), chard (7·5), borage (5·9), tomato sauce (3·9), green beans (3·0), lettuce (2·7), melon (2·7), cured sausage (2·4), orange (2·0), cheese (1·4), sweet pepper (1·3), milk (1·3), chickpeas (1·2). k Foods contributing . 1 %, in descending order (%): tomato (71·6), tomato sauce (24·1), watermelon (2·9). { Foods contributing . 1 %, in descending order (%): spinach (28·2), chard (20·6), lettuce (15·9), green beans (11·7), orange (5·4), tomato (3·4), artichoke (2·1), carrot (2·0), potato (1·9), leek (1·1), broccoli (1·1), asparagus (1·1). ** Foods contributing . 1 %, in descending order (%): orange (56·9), orange juice (20·1), tangerine (10·7), leek (4·8), peach (2·7), sweet pepper (2·3), apple (1·1).
† † Foods contributing . 1 %, in descending order (%): orange (42·8), spinach (20·1), sweet pepper (12·6), potato (12·5), peach (5·8), leek (3·8), tangerine (1·8).
and Spain. While carrots accounted for 53 % of its intake in the USA and 25 % in Spain, other vegetables accounted for 19 % in the USA and 44 % in Spain. Finally, fruits were an important source of vitamin C, vitamin E and pro-vitamin A carotenoids in the Spanish cohort (51, 12 and 16 % respectively), while they were poor sources in the USA (9, 2 and 3 % respectively; Vandenlangenberg et al. 1996) . This different pattern of fruit and vegetable intake was reflected in a higher intake of a-carotene and lower intake of b-carotene and b-cryptoxanthin in the USA than in Spain. Possible methodological differences between these two studies could only explain a part of the important differences found on food sources of vitamin C, vitamin E and carotenoids in the USA and Spain. Two studies carried out in northern European countries, Germany (Heseker & Schneider, 1994) and Finland (Jarvinen, 1995) , presented a pattern of food sources of studied nutrients more similar to that found in the USA, whereas a study conducted in Italy showed a pattern more similar to that in Spain (Krogh et al. 1993) . A comparison of patterns of food consumption among the ten European countries of the EPIC study showed that the Spanish cohort had greater absolute and relative intakes of leafy and fruiting vegetables and of citrus fruits, and lower of root vegetables than northern European countries (Agudo et al. 2002) . These differences would be reflected on the profile of specific carotenoid intake: a probable higher intake of vitamin C, lutein, b-cryptoxanthin and zeaxanthin, and relatively lower intake of a-carotene and b-carotene in Spain in comparison with northern European countries. With regard to main dietary sources of vitamin E, mean intake of vegetable margarine was about 2·5 g/d in Spain and almost four times higher in northern Europe, whereas mean vegetable oil consumption was eleven times greater in Spain (approximately 27·0 v. 2·5 g/d; Linseisen et al. 2002) . Other vitamin-fortified processed foods, such as ready-to-eat cereals and juices, were consumed in much lower amounts (1·2 v. 19·0 and 36·0 v. 86·0 g/d respectively) in Spain compared with northern Europe (Wirfält et al. 2002) . Another study conducted in five European countries (O'Neill et al. 2001) , even though limited because of its small sample size, showed that contribution of fresh tomato to lycopene intake was much greater in Spain than in other western countries, while tomato products and pizza were the main sources in other western countries. Sources of lycopene in Canada were similar to those of other non-Mediterranean countries (Johnson-Down et al. 2002) .
Overall, sources of antioxidants tended to be from fresh, unprocessed foods rather than processed or fortified foods in Mediterranean countries such as Spain or Italy compared with the USA, Canada and northern European countries. This agrees with the accumulating evidence on redox modulators and disease prevention, which has led to consideration of foods as complex mixtures of bioactive compounds that, in combination, may have benefits beyond those of any single constituent (Byers, 2000; McDermott, 2000; de Lorgeril & Salen, 2001 ).
There are two previous studies presenting food sources of nutrients with redox properties in Spain. In a study conducted on a representative sample of the adult population of the Catalan region (Gascón-Vila et al. 1999) , a lower contribution of vegetables to vitamin C and b-carotene intake was observed. These differences could be partly attributed to differences in the population, in the dietary assessment method or, to a lesser extent, to the use of different food composition databases. The other study conducted on a representative sample of Spanish households tried to ascertain Spanish food sources of carotenoids . Results from that study were quite different from those of the Spanish EPIC cohort with regard to sources of lycopene, lutein and zeaxanthin. Watermelon, which is rich in lycopene, was estimated to provide 50 % of lycopene intake in the study of Granado et al. (1996) , while in the present study the value was 3 %. Even though it is possible that this 3 % could be an underestimate, individual dietary data from our present cohort and from Spanish dietary surveys (Aranceta et al. 1990 (Aranceta et al. , 1994 Serra-Majem et al. 1996; Mataix Verdú et al. 1999 show that watermelon, which is a seasonal food consumed during the summer, accounts for , 7 % total fruit intake. There are some methodological drawbacks in this previous study that could partly account for their results. The calculations in the study were based on family budget surveys, which have several limitations in the estimation of food consumption (Nelson & Bingham, 1997) . Data on food availability tend to overestimate intake in a non-homogeneous manner, and overestimation is greater for foods with a greater proportion of non-edible parts and greater losses during preparation (Nelson & Bingham, 1997) .
Another factor that could partly explain these differences is that, in the present study, all foods consumed were used to calculate their contribution to carotenoid intake, while the analysis of the results of Granado et al. (1996) only included fourteen fruits and fifteen vegetables that they estimated to account for 95 % of fruit and vegetable intake. Finally, differences in estimation could be also due to the fact that Granado et al. (1996) estimated food sources of serum concentration of carotenoids, which is different from sources of intake since serum concentration depends on bioavailability.
The strengths of the present study lie in its large sample size (41 446 subjects) and the instruments used. A validated interviewer-administered diet history method with . 750 items (foods, beverages and local recipes) was used. This is considered a reliable assessment instrument to estimate usual food intake and to capture seasonal variations in dietary habits (Nelson & Bingham, 1997) . To estimate intake of specific carotenoids, a recently available food composition database was employed: the database was compliled from analyses of indigenous foods by HPLC . One limitation of the Spanish EPIC study is that it was based on a non-representative sample of the general population. However, the number of subjects was very large, the participation rate was similar to that of Spanish nutritional surveys, and subjects came from different social backgrounds and different geographical areas. In addition, the pattern of dietary intake was very similar to that observed in population-based surveys carried out in the Spanish regions included in the present study (Aranceta et al. 1990; Mataix Verdú et al. 1999) .
In conclusion, the results of the present study may allow identification of antioxidant-rich foods typical of a Mediterranean style-diet that may have a role on the protection against chronic diseases. Furthermore, information on the contribution of each food and food group to total intake of redox modulators may be useful to clinicians, public health planners and food-policy makers. In addition, epidemiologists may apply this information to the development or improvement of dietary assessment instruments. Finally, knowledge of the main food sources of the assessed nutrients could provide insight into the interpretation of epidemiological studies investigating the role of diet in health and disease.
